ABSTRACT
Introduction
The number of chromosomes in the genus Silene (2n=24) has been known for a long time (11, 13, 14, 15) .
A more detailed study of Silene chromosomes comes from Degrave (2) , who attempted to provide a comparative characterization of the karyotypes of the genera Silene, Lychnis and Melandrium. However, the number, position and activity of the nucleolus organizer regions (NORs) was first described in S. latifolia by in situ hybridization from Ciupercescu et al. (1) . Direct evidence on the physical location of rRNA within the Nor has been obtained from in situ hybridization experiments (1).
Ciupercescu et al. (1) found 18S.26S rRNA sites on chromosomes 5p, 7q, 9p and 10p in S. latifolia. Later double target fluorescence in situ hybridization revealed a marked variation in number and localization of rDNA loci. FISH and genome size data indicate that nuclear genomes of Silene species are highly diversified as a result of numerous DNA amplifications and translocations (12) .
We report here the results of physical mapping of 18S.26S rDNA loci in Silene chromosomes using in situ FISH hybridization and Ag-staining for visualization of transcriptionally active and inactive rDNA sequences within the Nor region.
Materials and Methods
Genotypes of mutant form F3 83/14 of S. latifolia 2n=24 chromosomes were used in the experiments. The mutant form 83/14 was obtained after 60 Co irradiation of pollen at 5-50 Krad (50-500 Gy,(5)).
Preparation of protoplast suspension
Established root cultures from F3 83/14 and control form of S. latifolia were used. Young growing roots, 5 to 10 mm long, were cut and placed in a solution of 0.5 mg/mL colchicine on a gyratory shaker at 25 ºC for 90 min.
Chromosome preparation
The protoplasts were resuspended for 10 min in a hypotonic solution (RM mediumdistilled water, 2:1 (RM medium : 0.15 M sorbitol, 0.05M KCL, 0.005M CaCl 2 )) and centrifuged at 700rpm for 10 min. After two consecutive fixations with methanolacetic acid (3:1), two drops of the final protoplast suspension were air dried onto glass slides and stained with 2.5% Giemsa and .8% aceto-carmin.
FISH in situ hybridization
The wheat clone pTa71 (4) containing the 18S-5.8S-26S rRNA genes and the intergenic spacer sequence was labeled by nick translation using biotin 14-dATP (Gibco BRL). The hybridization procedure was similar to that of Rayburn & Gill (10) . Freshly prepared slides were treated with RNase (25 µg/ml) in 2 x SSC for 60 min at 37 ºC. After washing with 2 x SSC the slides were air dried for 30 min. The hybridization mixture contained 50% deionized formamide, 2 x SSC, 10% dextran sulfate and approximately 80 ng probe DNA. The blocking DNA was 15-20 times the amount of the probe DNA. The hybridization mixture (30-40µl per slide) was denaturated for 10 min at 80 ºC and than kept on ice for 10 min. The slides were incubated for 10 min at 78 ºC and then overnight at 37 ºC in a humid chamber.
After hybridization, the slides were washed in 2 x SSC twice (5 min each) at RT before detection of the hybridization sites by avidin-conjugated fluorochrome (avidin D, Vector Laboratory). The fluorochrome signal was amplified with biotinylated antiavidin D (Vector Laboratory) followed by qanother layer of avidin-conjugated fluorochromes. After amplification the slides were washed three times in BN detection buffer at 37 ºC, drained and mounted in Vectashield Mounting Medium with PI (Vector Laboratory). The slides were kept at 4 ºC for 1-2 days to stabilize the fluorochromes before they were examined with a Nikon epifluorescence microscope.
Ag-staining
Silver staining of NORs and nucleoli were as described by Linde-Laursen (6).
Results and Discussion
In the present study, we reported the existence of five rDNA loci in S. latifolia. Chromosomes were completely identified by their morphology and signal patterns. These results contrast with the results of Ciupercescu et al. (1) , which are detected four loci in diploid species of S. latifolia.
In situ FISH hybridization analysis using the pTa71 clone indicated ten sites on metaphase chromosomes from root tip cells of S. latifolia (Fig. 1) indicating that five pairs of chromosomes carried Nor loci. Only four out of the five pairs of labeled chromosome showed four pairs of active nucleoli after silver staining technique (Fig. 2) . The Nor chromosomes and arms were identified as 5p, 7q, 9p, 10p, and new All the chromosomes showed a dot-type signal at the terminal end of the short and long arms.
Nucleolar activity in the nucleus
In S. latifolia the modal number of nucleoli is four or three (1, 9), followed by four or rarely five. Based on the number of Nor loci, a maximum of ten nucleoli are expected. However only eight nucleoli are expected. Fewer nucleoli result from the inactivity of some Nor loci and/or fusion of nucleoli of homologous chromosomes. Pontes et al. (9) , by double target in situ hybridization of S. rothmaleri and S. cintrana mapped four sites located on the short arms of two submetacentric chromosomes. In both species all rDNA loci were potentially active, although in S. rothmaleri a tendency for the expression of only one locus was observed. Siroky et al. (12) marked variation in number and localization of rDNA loci in Silene species as a result of numerous DNA amplifications and translocations.
This report demonstrates the existence of five Nor loci in mutant form F 3 83/14 of S. latifolia by FISH hybridization. Our in situ hybridization technique detected the four locus and in addition revealed a new Nor locus on chromosome 11 of Silene. The new Nor locus which we have recently reported in S. latifolia were not detected by Siroky et al. (12) . Although from our results and previous in situ hybridization data (12) rRNA genes are known to be physically located in the secondary constriction region convincing proof of their physical location.
The Nor-associated nucleoli can also be visualized in interphase nuclei. Most of the nucleolar activity was due to chromosomes, 9p, 10p, 7q and 5p. The new Nor locus is organized as a small nucleolus. Both NORs and hybridization signals of chromosomes 9p,10p and 7q showed more strong hybridization and Ag-stained signals, while chromosomes 5p and 11p showed only the hybridization signal (Fig. 2) .
The size and the intensity of the Agstained NORs are apperantly in a linear relationship with the activity of ribosomal RNA genes from root cells. The silver positive signals indicated not only the locations of rRNA genes, but indicated the transcriptionally active DNA (3, 7, 8) . According to Ciupercescu et al. (1) , only three clusters of rRNA genes 7q, 9p, and 10p, seemed to be actively trascribed. Conse-A B quently, we may appreciate that ribosomal RNA genes of S. latifolia are organized in five clusters localized on chromosomes 5p, 7q, 9p, 10p, and 11p.
Conclusions
We propose calling the new sites Nor-11. In situ hybridization is valuable for gene mapping, since it can detect presence of genes with a very wide range of copy number at different sites.
